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RESEARCH MEMORANDUM

LATERAL-CONTROL INVESTIGATION ON A 37° SWEPTBACK WING OF
ASPECT RATIO 6 AT A REYNOLDS NUMBER OF 6,800,000

By Robert R. Graham and William Koven
SUMMARY

The low-speed lateral-control characteristics of a 37° sweptback
semispan wing of aspect ratio 6 and NACA 6h-series airfoil sectlons have
been determined in the ILangley 19-foot pressure tummel. The investiga-
tlon included the measurement of the hinge-moment characteristics of an
aileron and the rolling-effectiveness characteristics of the alleron and
two confilguratlions of spollers. The effects of several stall-control and
high-1ift devices on the characteristics of the alleron and spoller were
also Investigated. The tests were made at a Reynolds mumber of 6,800,000.

The rate of change of rolling-moment coefficlient with aileron
deflectlon 015 for a half-span, 20-percent-chord aileron on the plain

wing decreased slmost linearly from 0.00146 at 0° engle of attack

0.00100 at 18° angle of attack. Beyond 18° the value of Cpy decreased
rapldly as the wing stalled. The value of Ci5 at 0° angle of attack
was accurately predicted by simple theory.

A1l the stall-control devices tested were satisfactory in melntalning
ailleron effectiveness through the high amgle~of-attack range to beyond
maximum 1ife.

The rate of change of hinge-moment coefficlent with deflection chS

for the unbalanced alleron was reduced in scame cases and Increased in
others by the addltion of the varlous stall-control and high-1ift devices;
however, the effects of the devices on the slze of Intermal bhalance
required to reduce cha to zero were found to be small beceause of thse

corresponding effects on the balance-compartment pressures.

The stall-control devices brought sbout same improvement in spoller
effectiveness throughout the 1ift range and caused the spoilers to main-
taln thelr effectiveness to the highest angle of attack tested.

Shifting the spoiler locetion from the 65- to T5-percent-chord line
of the wmswept panel caused a slight improvement in spoiler effectiveness.

Changing the spoiler from a continuous one along the 65~percent-
chord line of the unswept panel to a gerles of segments with their midpoints

1~ IJNCLAS= .
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on the sams line but turned perpendicular to the ailr streem hed practically
no effect on the rolling effectiveness, but moving the segments inboard
caused an increase in effectiveness.

Varying the span of the spoiler showed that the inboard portions of
the spoiler were conglderably more effectlive than the outboard portions
in producing rolling moments.

At high 1ift coefficlents on the wing with slat emnd double slotted
flap, the half-spen plain outboard spoililer with s 10-percent-chord pro-
Jection produced about the same rolling moment as & total ailleron deflec-
tion of 30°, but at low 1lift coefficients on the plain wing the spoiler
produced only about one-third the rolling moment of the ailerons.

The yawing moments due to oppositely deflected silerons were generally
unfavorable and became more unfavorasble as the angle of attack was
increased. Those dus to spoller projection were favoreble but became
lese favorable as the angle of attack was increased or as the spoiler was
moved Inboard. The stall-control and high-1ift devices had a negligible
effect on the yawling moments.

INTRODUCTION

The use of sweptback wings on high-speed alrplanes introduces several
stabllity and control problems in the low-speed renge. Two of these prob-
lems are unstable pitching moments and loss of lateral control at the
stall. Both of these problems result from the characteristic of swept-
back wings to stall first at the tips.

Several devices have been found to delay the tip stall until en
inboard stall has developed so that stable pltching moments were obtained
at the stall. (See references 1 and 2.) These devices were leading-edge
flap, leading-edge slat, and drooped leading edge on the outer portion of

the wing.

In order to determine the effects of these devices on the lateral-
control characteristice of a sweptback wing, an Investigation was carried
out on a 37° sweptback semispan of aspect ratio 6. The Investligse-
tion included the determination of Ea) the control and hinge-moment
characteristics of a half-span 20-percent-chord aileron, (b) the comtrol
characteristices of two configuratione of spoilers, and (c) the effects
of high-1ift and stall-control devices on the characteristics of <the

alleron and spollers.
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COEFFICIENTS AND SYMBOLS

The datae are referred to the wind axes with the arigin in the plene

of symmetry at the quarter chord of the mean aerodynamic chord. The data
have been reduced to standard NACA nondimensionel coefficlents which are
defined as follows:

CL

2 g v &

L )
1ift coefficlent (q?

drag coefficlent (E% )

piteching~moment coefficlent (.i)

aS¢

rolling-moment coefficient (_L'_)
gsSb

yawing-moment coefficient (l)
aSb
Hg
aileron hinge-moment coefficlent EM_

resultant pressure coefficient in alleron balarice

compartment Pressure below seal ; Pressure above seal)

aileron-seal leskage Factor 1 - Pregsure difference across seal]

Pressure difference across vents
Reynolds number (E;E)

angle of attack of root chord line, degrees

alleron deflectlon measured 1n plane perpendiculsr to hinge
1line (positive when deflected d ]i degrees

engle of swedp of leading edge

1ift

drag
pitching moment about 0.25C
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rolling moment
yawlng moment

elleron hinge moment
wing area

b/2
mean aerodynamic chord % [ c? dy

o}
local wing chord parallel to plane of symmetry
local wing chord perpendicular to 0.27¢c line

B2
aspect ratio 5

lateral cocordinate:

wing span perpendliculer to plane of symmetry

moment of area of alleron reerward of hinge line about
hinge axis

alleron epan measured along hinge line
spoller span measured perpendicular to plane of symmetry

alleron chord rearward of hinge line measured perpendiculer
to 0.27c line

alleron nose-balance chord forward of hinge line measured
perpendicular to 0.27¢ line

dynamic pressure (-‘%)

denslty of air
free-gtream velocity
coefficlent of viscosiiy

rate of cﬁa.nge of rolling-moment coefficient with alleron
deflection

rate of chenge of 1ift coefficient with aileron deflectlon
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Chg rate of change of alleron hinge-moment coefficlent with
ailleron deflection

Prs rate of change of resultant-pressure coefficient with
alleron deflection

Cha rate of change of aileron hinge-moment coefficient with
angle of attack

PR rate of change of resultant-pressure coefficlent with

a angles of attack

All coefficients and dimenslon symbols refer to the model as a
camplete wing. The effects of the spoiler controls on 1lift, drag, and
pitching-moment coefflcients are presented as the effects of spoiler
projection on one sides of a complets wing.

MODEL

The model used in the investigation was & semlispan wing moumted In
the presence of & reflection plane a&as shown in 1 es 1 and 2. It was
of steel comstruction eand had an aspect ratlo of 6, a taper ratio of 0.5,
and 37° sweepback of the leading edge. The airfoil sectlon perpendicular
to the 27-percent-chord line (25-percemt-chord line of wing when in the
unswept condition) was an NACA 6&1-212 profile. The model was finished .
with lacquer and wes maintained in an aerodynemicaelly smooth condition
throughout the tests. The general plan form and some of the more perti-
nent dimensions of the model are shown in filgure 3.

Detalls of the leteral-control devices are shown in figure 4. The
aileron was of the constant-percentage-chord type (0.20c' or 0.183c)
and had the same contour as the corresponding portion of the ailrfoil
section. It was arranged to simulate a sealed Inbternally balanced type
of aileron with zero balance. The seal was slmulated by a steel plate
beveled to a knife edge with the edge as close as possible to the nose of
the alleron at the hinge line. Although this method dld not completely
seal the alleron, the resulting gap was only a small fraction of the
balence-canpartment vents at the upper and lower surfaces of the wing.
The balence ccompartment was provided with oriflces for measuring pressures
above and below the seal. The alleron was attached to the wing by sitrain
gages which indicated electrically the aileron hinge momente.

Two configurations of spoiler lateral controls were investigated.
One extended along & constant-percentage-chord line and the other con-
gisted of a series of spoilers, each 10 percent of the wing semispan In
length end placed perpendicular to the plene of symmetry. The first is
referred to herein as the plein spoller and the second as the step spoiler.
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Both configurations simulated retractable circular-arc spollers. Various
proJections of the plain spoller were tested at the 0.65¢' and 0.75¢'
positions, bubt only one projection of the step spoiler was tested with the
midpoint of each step at 0.65¢'. The projection of the plain spoiler was
& constant percent chord along the span, but the step spoller projection
veried In steps along the span. The height at the center of each step
was a congtant percent chord but the individual steps were a constant
height along the span of each step.

The aileron and plain spoiler extended from O. 500— to 0. 9752 The
step epoller extended from 0.275— to 0. 975—, but the epan and spanwise
location could be varied by varying the nuﬂber and location of the steps.

Detalls of the leading-edge stell-control devices and of the trailing-
edge high-11ft devices are shown in figure 5. The stall-conbtrol.devices
consisted of a leading-edge flap, leadinpg-edge slat, and drooped leading

edge and extended from O.h59 to 0.959. The drooped leading edge was

tested only in combinatlon with an upper-surface Pfence because a previous
investigation (reference 1) showed that it was not a satlgfactory stall-
control device without the fence. The trailing-edge high—lift devices
were half-span split and double slotted flaps.

TESTS

The tests were made in the Langley 19-foot pressure tummel with the
alr compressed to about ol atmospheres. The Reynolds and Mach numbers
for the tests were 6,800,000 and 0.13, respectively.

Rolling-effectiveness teats for the various lateral-control devices
were made by taking slx-camponent force and moment measurements through
e range of angle of attack from 0° to beyond the stall with the aileron
set at various angles or wlth the spoilers set at varilous helghts, spans,
and spanwise locations. Hinge momsnts and balance-compartment pressures
were also measured in the alleron tests. The tests wers made on the
basic wing, on the wing with the various stall-control devlices, and on
the wing with the slat in combination with split or double slotted flaps.

CORRECTIONS TO DATA

Jet-boundary corrections, obtailned by combining the methods of
references 3 and 4 were made to the angle of attack and to the dreg,
pltching-moment, yawing-moment, and rolling-mcoment coefficlents. The
corrections were applied as follows:
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Q= Cyeometric T 1.12 G,
= 2
Cp = cDgross + 0.016% Cy

Cn = Cmpogg + 0-0101 Cr,

Cy = KZ(?zgross - Cltar%)
Cn=cn8r055 B cn'bare - KD.CL cl

where the sﬁbscript gross refers to the uncorrected coefficients, the
subscript "tare" refers to the uncorrected coefficlents obtained wlth
aileron or spoiler neutral, amd K; and X, are the rolling-moment and
yawing-moment Jet-boumﬁary correction constents. Values for K; are
presented in flgure 6 for various spans and spanwlse locatlons of the
lateral control. The values of Kn would show similar variationsj; but
since yawing-moment data &gre not presented for all configurations tested,
only those values applicable to the data presented are given: nemely,
0.0481 for a half-span lateral control with the outboard end

at 0. 975— and 0.0578 for a half-span lateral control with the outboard
end at 0. 775— No Jet-boundary correctlons have been applied to the
aileron hinge-mgment data.

A calibration of the aileron seal indicated a leakage factor E
of 0.14. The balance-compartment pressures have been corrected for this
leskage so that they represent pressures with a complete seal. The
effects of the leskage on the rolling-moment and hinge-moment coefficlents,
however, are believed to be small and have been neglected.

The tare and interference effects of the model supports were not
determined but are belleved to have only & small effect on the character-
istice of the wing.

RESULTS AND DISCUSSION

The results of the alleron investigation are presented in figure T for
the basic wing and in figures 8 to 12 for the wing with the various stall-
control and high-1ift devices. Summary figures showing the effects of
the various devices on the aileron hinge-moment and rolling-effectiveness
parameters are shown in figures 13 to 16. The resulte of the epoiler
investigation are presented in flgures 17 to 20 for the basic wing and
Pigures 21 to 27 Por the wing with the various stall-control and high- lift
devices. A comparison of the alleron and spoilers is presented in
figure 28.
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Alleron Characteristics

Aileron characteristice on basic wing.~- The data for the aileron
tests on the plain wing are presented in figure 7. The control-effective~
ness parameter C35 was obtalned from cross plotes of the data of figure 7

and 1s presented as a function of angle of attack in figure 13.

The loss in elleron effectiveness that lg usually found on sweptback
wings at high angles of attack 1s clearly shown in figure 13. The
reduction In Czs at angles of attack below the stall is probably caused

by the thickened boundary layer due to the cross flow along the trailing
edge near the wing tips and the large reduction at the stall is attributed

to tip stelling.

The value of 018 for low angles of attack has been calculated by
the method given in referemce 5« The computed C;. when reduced
by cos®A to account For sweep (reference 6) and corrected for secticn-
lift-curve slope (0.109 for 6i-series compared to 0.099 used to obtain
required factors in reference 5) was 0.00145. The C3;. obtained
experimentally at a« = 0°, 0.00146, (fig. 13) was in eXcellent agreement
with the simple-theory calculations.

The effectliveness of the alleron &s a 1ift flap CLB has been

calculated fram two-dimensional data by a method for unswept wings
outlined in reference 7. The method was modiflied to account for sweep
ag was done 1n reference 1. The calculated value of OLS was 0.0116 as

campared with the experimental value of 0.0107 (data not presented), The
agreement 1s not as good as was obtained for C,  but 1s considered

gatisfaectory. Values of Czs and CL6 calculated by the method of

reference 8 and corrected for sectlon-lift-curve slope were 0.00143
and 0.0108, respectively, and show very good agreement with the experi-
mental velues.

The yawing-mament coefflcients due to aileron deflectlion show about
the same trends as would be expected on sn unswept wing. They show that
oppositely deflected allerons on & complete wing would produce a&n adverse
yawing moment which is small in the low angle-of-attack range but which
Increases as the angle of attack ls increased.

The effects of the trailling-edge cross flow and tip stalling also
appeared in the hinge-moment and balance-pressure coefficlents. (See
figures 7 and 15.) As the angle of attack waes Increased asbove 109, the
perameter Cp, Increased negatively until at the stall 1t had a very
large negative value resulting in a strong up-floating tendency of the
aileron. The parameter Cpgy, on the other hand, had a decreasing

negative value as o was increased.
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Effects of stall-control and high-1ift devices on aileron character-
istics.~ The characteristice of the alleron on the wing with various stall-
control devices are shown in figures 8 to 12. The effects of the stall- .
control and high-1ift devices on the various alleron comtrol-effectiveness,
hinge-moment, and balance-compartment-pressure paremeters are ghown in
figures 13 to 16.

Figure 13 shows that the stall-control devices caused a docrease
in 018 et low angles of atback. At high angles of attack and especially

at angles beyond thet at which the plein wing stelled, C;S was increased
by the stall-control devices. The 30° drooped leading edge with the
upper-surface fence caused the largest increase 1in Cza at the high
anglies of attack. Split flaps in combination with the slat generally
caused a reduction in C3y from that for the wing alone throughout the

angle-of-attack range.. Double slotted flaps in combination with the
slat effected an increase in Cza at all angles of atback.

The effects of the various stall-control devices on the rolling-
moment coefficient for a total alleron deflection of 30° are shown in
figure 14. A1l the stall-control devices reduced C; at a = 0°,
had a negligible effect at moderate angles of atiack, increased C; at
high angles of atthck, and prevented the large loss in C; that occurred
at the stall of the basic wing. The leading-edge flap caused the largest
reduction in C, &8t a= 0° and all the devices produced about the same
change at high angles of attack. The split flap in combination with the
slat caused a slight reduction in C; from that with the slat alone in
the high angle-of-attack range. The C3 with double slotted flap in
cambination with the slat was lerger than that for any other configuration
In the low and moderate angle-of-attack rangs.

The stall-control and high-1ift devices had a negligible effect on
the yawlng-momsnt coefficlients due to oppositely deflected ailerons.
(See figs. T to 12.)

The effects of the stall-control devices on the alleron hinge-moment
paremeters are shown in figures 15 and 16. In general the negative value
of Cp, was Increased at low angles of attack and decreased at high

angles of attack by the addition of the stall-control devices. The leading-
edge flap caused the largest increase in Cha at the low angies of attack
and caused & slight increase in Cp, in the high angle-of-attack range

in contrast to the decreeses brought about by the slat and drcoped leading
edge at those angles. The addition of the spllt or double slotted flaps
reduced the effects of the slat on Cha'

The negative value of C was decreased by the stall-control devices
in the low angle-of-attack range and increased at the higher angles of
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attack. The addition of half-span split flaps caused a slight reduction
in the negative vealue of Ch5 obtained with the slat alone in place,

but the addlition of half-span double slotted flaps caused a considerable
increase in Cha‘

These changes in Cpg &re reduced considerably, however, when the

effects of rolling are teken into gccount and when a sealed internal
balence 1s added to the aileron. The effects of rolling can be taken

into account by the followling equation:

2(Aa)
Ch5l=Ch6+_(%§—BCha
a

where
Chs' rate of change of alleron hinge moment with deflectlon when
the wing is In a steady roll
Q(Aa)P
——— ratio of effective change in angle of attack to alleron
Adg 2(Ax)

deflection in a steady roll (The value of —ZB—"E was
found to be -16807'5 from data given in referénces 9 and 10.)

The effects of the sealed internal balsnce can be taken into accownt by
the following equations:

1p (%BY?
cha‘(bal) Cha + 2PRCI.<°&>

and

o 2
1, /%
C = Cp * SR (c—
h5(‘nal) hg 27 %p\%®

where the subscript (bal) refers to the ailleron with an internal nose
balance and (%E) is the ratio of the nose-balance chord to the alleron
chord. Values for ChS' have been computed for several ratios of balance
chord to aileron chord and for several anglee of attack and are presented
in figure 16. :

It cen be seen from figure 16 that although Chs' for the unbalanced

alleron is changed considerably by the stall-control devices, the balance
chord required to reduce Chs' to zero lgs affected to only a small degree

by the devices. The value . of Cha' for the unbalanced aileron varies
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‘from 0.0046 to 0.0089 for the various angles of atback and configurations
investigated, but the balance chord required to reduce Chﬁ' to zero
varies only between 65 and 75 percent of the aileron chord and bears no
relation to the value for the umbalanced aileron. For instance, at an
angle of attack of 20 the valus of Cha' was increesed from -0.0071

£0-0.0089 by extending the slat end d.eflectin$ the double slotted flap,
but the balance chord regqulred to reduce C %o zero was reduced from -

gbout 75 to TO percent of the alleron chord

Spoiler Charsascteristics

Spoller characterigtics on basic wing.- The characteristics of
spollers as lateral-control devices on the basic wing are shown in
figures 17 to 20. The rolling effectiveness of the spoiler increases
with angle of atback up to about 12°. Above that angle the effectiveness
drops off slightly uwmntil Just below the stall where an apparent lncrease
in effectiveness occurs. At the stall the effectiveness drops to zero.
The lose in effectiveness at angles of attack between 12° ang 16° is
probably caused by the thickemed bowmdery layer dus to cross flow over
the outboard sections. The apparent increase in effectiveness Just below
the stall 1s probably caused by premeture separation over the outer portion
of the wing due to the presence of the spoller. The separation was not
severe enough to cause sn appreciable loss in 1ift, bub its effects show
up as a changs in drag and pltching moment as well as rolling momen'b and
yawing moment. At the angle of atbtack of meximum 1ift the 0.0lc' spoiler
caused as much separation as the 0.10c? spoller so that the three spoiler
heighta tested caused the sams rolling moment. The 1ift, drag, and
rltching-moment coefficlents at the angle of atiack for maximum lift were
also the sams regardless of spoller proJection. The complete loss in
effectiveness beyond maximum 1ift 1s due to the tip stall. Comparison
of figures 17 and 18 shows that the spoiler effectiveness is increased
sligh'bly when the spoiller is moved from the 0.65c' locatlon to the
0.75¢' location. This-effect of chordwise location is in agreement with
that shown 1n reference 1l.

The yawing-moment coefficients due to spoiler projection showed
about the same trends as would be expected from unswept wing data
(reference 12). They were 1In a favorasble dlrectlon but becames less
favoraeble as the angle of atbtack was increased.. Moving the spoiler
toward the tralling edge fram 0.65¢c' to 0.75¢c' reduced the yawlng-moment
coefficlents.

The characteristice of the step spoiler are shown in figure 19.
Comparison of figure 19 with figure 1T shows that a step spoiler of the
same span, spanwlise location, and projection as the plaln spoller pro-
duced about the ssme rolling moment as the plain spoller except at angles
of attack Just below the stell where the step spoller showed a slight
improvement over the plain spoiler. These data are in disagreement with
.date of reference 11 where a step spoiler on a wing of lower aspect ratio



12 NACA RM No. 18K12

and slightly greater sweep showed grester rolling effectiveness than a
compareble plain spoller. No explanation has been found for the disagree-
ment but 1t may be due to the difference in the geometric characteristics
of the wings. The step spollers caused a slightly smaller yawlng mcament
than the plain spoiler.

Moving the spoller inboard but maintaining the same span caused an
appreciable Increase In its effectlveness, which is Iin gemeral agree-
ment with the results of reference 1l. The inboard movement of the spoiler
also caused a reduction in yewlng-moment coefficlemnt.

The effects on the rolling effectiveness of varying the span and the
spanwise locatlon of the step spoller are shown in figure 20. It can be
seen that the addltion of the outboard portions of the step spoiler adds
little to the effectiveness of the inboard spoliler. Inboard additions Lo
the outboard spoiler, on the other hand, produced considersble increases
In effectiveness.

It is bellieved that the plein spoller would exhibilt simllar charac-
teristics if its span and spanwise location were varled. It is also
probable that chenges in the geametry of the alleron would produce similar
changes In effectiveness.

Effects of stall-control and high-1ift devices on spoller character-
istics.- The effects of the wvarious stall-control devices on the spoiler
characteristics are shown in figures 21 to 27. The devices caused a
glight improvement in the rolling effectlivemsss of the spoilers in the
low and moderate angle-of-attack range. In the high sngle-of-attack
range the rolling effectiveness wes considerably improved. The improve-
ment at moderate to high angles of attack was probably caused by the
stall-control devices reducing the cross flow. (See reference 1.) Ag
the angle of attack was increased further, the improvement was effected
by preventing stalling from occurring over the portlon of the wing
affected by the spoller. The slat and the drooped leading edge wilth
fence appeared to give the most Improvement In effectiveness, but all three
of the stall-control devices eliminated the complete loss in effectiveness
at the stall that was experienced on the basic wing. Deflecting either
the split or double slotted flaps in combination with the slat produced
a considerable Increase In rolling effectiveness for large spoller
ProJjections.

The stall-control devices generally caused & slight Increase in
the spoller yawing-moment coefficients at low angles of attack but caused
no chenge at moderate angles of atback. Deflecting the eplit or double
glotted flaps in conjunction with the slat caused a considerable increase
in the spoller yawing moments through the angle-of-attack range.

The effects of changing the span of the step spoller in the presence
of the leading-edge flap are shown In figure 25. It can be seen that in
the low and moderate angle-of-attack ranges, changing the span of the
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spoiler had about the seme effect as on the basic wing. A%t the high
angles of attack, however, the inboard spoller loses effectivenesse because
of the inboard stall and the short-span spoiler, therefore, has more
effectiveness near the tip than on the inboard portion of the wing.

Comparison of Spoiler amd Aileron

A comparison of the rolling effectivenss of the plain spoiler and
the alleron is shown in figure 28. It shows that near zero 1ift the
rolling-moment coefficlent produced by the spoliler was about the same as
that produced by & total aileron deflection of only 9°. At a 1ift coeffi-
clent of 1.6, however, (slat and dovble slotted flap extended) the spoiler
produced about the seme rolling moment as a totel ailleron deflection
of 309. The 0.10c! projection of the spoller was chosen as the maximum
that could be obtained with a retracteble-avrc-type spoiler. The maximum
deflection that could be obtained with a sealed internslly balanced
alleron on 8 wing similar to the model tested would be sbout +15°. It
can be seen, thereforse, that at high 1ift coefficlents the spoiler has
about the same effectiveness as the alleron. At low 1lift coefficients
the spoiler appears to be comnsiderably less effective than the aileron,
but spollers have been shown to produce smaller wing twisting moments
than ailerons (reference 13) and under high-~speed-flight conditions where
wing twist is an important factor the spoiler might compare more favorably.
Also, unpublished data have shown that compressibility effects increase
the effectiveness of spollers end reduce the effectiveness of allerons.
The spoiler span could be increased without limiting the f£lap span and
could thus improve the lateral control with a possible simmlteneous
Increase in maximum 11ft. One way that latersl control could be increased
for the dileron without changing the flap span would be to increase the
deflection. The data (figs. 7 to 12} show that the aileron maintains
most of its effectiveness to deflectioms of +25°, put the large deflections
would require a balasnce other then the conventionel internal mnose
balance because of space limitations in the balance compartment.

In order to evaluate the rolling-moment coefficlents in terms of
flying quelities, values of the wing-tip helix angle in roll pb/2V were
camputed from the equation:

o _ %
B 2'\T'"(',‘zP

A value for €3 (wing demping coefficiemt in roll) was obtained for an

wnswept wing of the same aspect ratio and taper ratlo from data presented
in reference 1l and was corrected for sweep to give & value of 0.366 by
the following equation (reference 10):

o _ (A + bcosA (Cz)
‘ A+ 4 cosA DJ/A=0
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The value of pb/EV obtained in this menner for a 0.10c¢c' projection
of the half-span spoller varied from 0.035 at zerc 1ift-with flape neutral
to 0.102 near the stall wilth slat end double slobted flap deflected. The *
value of pb/2V for a total aileron deflection of 30° was about 0.10
through the same range of test conditions.

These values of pb/év have not been corrscted for compressibility
and yawing effects. Reference 1l reccmmends reducing the values by 20 per-
cent through the speed range as an emplrical correctlon for both effects.
The recommendation wes based on a comparison of flight-test values with
calculated values for the same alrplenes. The flight tests, however,
were made on sirplanes that were conventionel at the time of publication
of reference 14, that 1s, without sweep and with aileron controls.

Because of the large effectlve dihedral of swept wings, yawing would

produce larger rolling moments than on en unswept wing. At low epeeds,

therefore, the reductiomn in pb/EV dvue to yawlng would be expected to

be greater than the proposed 20 percent on a sweptback wing with conven-

tional aileroms. In fact, in a fixed-rudder roll, the adverse yaw due

to alleron deflection coupled with the adverse yaw due to rolling might

produce a large enough angle of yaw to glve a rolling mcoment that would

completely counteract the rolling moment duwe to aileron deflection. The

spoiler, on the other hand, causes favorable yawing maments and mlght -
produce larger values of pb/2V then were calculated.

At high speeds, compressibility has an adverse effect on the rolling .
effectiveness of the ailleron and & favorable effect on that of the
spoller. Also, the wing twlsting moments sre larger for the aileron than
for the spoiler. In high-speed flight, therefore, the values of pb/2V
for the spoiler might be greater then those calculated and those for the
aileron might be conslderably less than 80 percent of the calculated
values. It can be seen that any general comparison of rolling effective-
ness of spollers and ailerons from low-speed wind-tunnel teste 1s limited.
In the high-1ift range, a half-spen spoiler projected 0.10c' would
probably produce greater values of pb/2V then half-span 0.20c’
allerons deflected +15°. In the low-1ift range, any comparison is
insdequate unless compressibility and wing-iwlst effects are considered.

CONCLUSIONS

The results of the wind-tunmnel investigation of lateral-control
devices on & 37° sweptback wing of aspect ratlo 6 indicate the following
concluslons: _ o

1. The rate of change of rolling-moment coefficlent with ailleron
deflection Czs for a half-span, 20-percent-chord alleron on the plain .

wing decreased almost linearly from 0.00146 at 0° angle of attack

to 0.00100 at 18° angle of attack. Beyond 18° the valus of Cy5 decreased
rapidly as the wing stalled. The value of Cyy at 0° angle of attack

was accurately predicted by simple theory.
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2. A1l of the stall-control devices tested were satisfactory in
maintaining aileron effectiveness through the high angle-of-attack range
to beyond maximum 1ift.

3. The rate of change of hinge-momsnt coefficient with deflec-
tion Ch& for the unbalanced aileron was reduced in some cases and

increased in others by the addition of the various stell-control and
high-1ift devices; however, the effects of the devices on the size of
Internal balance regquired to reduce Ch5 ‘o zero were found to be
small because of the corresponding effects on the balsnce-campartment
Pressures.

L. The stall-control devices brought about scme improvement in
spoller effectiveness throughout the 1ift range and caused the spollers
to maintain their effectiveness to the highest angle of attack tested.

5. Shifting the spoiler location from the 65- to 75-percent-chord
line of the unswept panel caused & slight improvement in spoiler
effectiveness.

6. Changing the spoiler from a continuous one along the 65-percent-
chord line of the vmnswept panel to a serles of segments with thelr mid-
points on the same line but turned perpendicular to the ailr stresm had
practically no effect on the rolling effectiveness, but moving the
segments Inboard caused an increase in effectlveness.

T. Varylng the span of the spoller showed that the inboard portions
of the spoller were comslderably more effective than the outboard
portions in producing rolling moments.

8+ At high 1ift coefficients on the wing with slat and double
slotted flap, the half-span plaln outboard spoller with a 10-percent-
chord projection produced sbout the sames rolling moment as a total
aileron deflectlon of 300, but at low 1ift coeffliclents on the plain
wing the spoller produced only sbout one-third the rolling moment of
the ailerons.

9. The yawing moments due to oppositely deflected allerons were
generally unfavorable and became more unfavorable as the angle of attack
was increased. Those due to spoiler projection were favorable but
became less favorable as the angle of attack was Increased or as the
spoiler was moved inboard. The stall-control devices had & negligible
effect on the yawing moments.

Lengley Aeronautical Iaboratory
National Advisory Committes for Aeronautics
Langley Field, Va.
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Figure 19.— Effecte of step spollere at 0.65¢? on the sarodynamic characteristics of a 37° sweptback

wing. 8Spoiler projection 0.10c'; R = 6.8 X 106.
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Figure 19.- Concluded.
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{a) Lift, drag, and pltching moment.

Figure 21.~ Effects of half-span plain spollers at 0.65¢' on the aesrodynsmic characteristics of &
37° eweptback wing with leeding-edge slat. R = 6.8 X 105,
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Figure 21.~ Concluded.
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Figure 22.- Bffects of half-span spollers at 0.65¢' on the eerodynmamic characteristica of a
370 sweptback wing with drooped leading edge and upper-surface fence. R = 6.8 X 105,
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Flgure 22.- Concluded.
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Figure 23.- Effects of half-span pleln apoilers at 0.65¢' on the aercdynamic cheracterlstics of
370 sweptback wing with leading-edge flap. R = 6.8 x 109,
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Figure 23.~ Concluded.
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(a) 1if%, drag, and pitching moment.

Figure 24.- Effects of step spoilers at 0.65¢' on the aerodynamic characteristics of a 3"{° sweptback
wing with leading-edge flap. Spoiler projection 0.10c'; R = 6.8 x 106.
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Figure 2k4.- Concluded.
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Figure 25.- Varilation of rolling-moment coefflclent with span of a step
spoller at 0.65¢' on a 37° sweptback wing with leading-edge flap.

Spoiler projection 0.10c'; R = 6.8 x 108.
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(a) 1Aft, drag, and pitching moment.

Figure 26.- Effects of half-span spollers at 0.65¢c' on the asrodynamic characteristics of a
37° sweptback wing with leading-edge slat and semispan split flap. R = 6.8 x 10°.
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Figure 26.~ Concluded.
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(a) L1f%, dreg, and pitching moment,

Flgure 27.- Effects of half-span spoilers at 0.65¢' on the aercdynamic characteristics of a
37° sweptback wing with leading-edge slat and semilspan double slotted flap.
R = 6.8 X 10~.
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Figure 27.- Concluded.
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Figure 28.~ Comparison of rolling moments of eileron and plein spoiler at 0.65¢' on & 37° sweptback

wing. R = 6.8 x 106,
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